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I. ITTI'RODUCTION 

T l i i s  semi -ailrlual r epor t  i s  concerned wi th  a r e sea rch  program ,spoilsored 
by t h e  Nat iona l  Aeronautics and Space Adminis t ra t ion through i t s  LFwis  
Research Center i l l  Cleveland, O!iio. The program is d iv ided  iri to two 
s e c t i o n s  , o:Ie dea l ing  wi th  t!ie obtainii ig of  b o i l i n g  parameters f o r  
f l u i d s  o t h e r  than wa te r ,  aid Lhe o ther  dea l ing  wi th  photographi: ob- 
serva t ior i  of t h e  i :Atial  growth of  bubbles w d e r  boi1ir.g coriditioris. 
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11. STATUS OF THE PROGRAM 

Since  t h e  i n i t i a t i o n  of t h i s  program i n  December of 1965, t he . t echn ica1  
p o r t i o n  of t h e  r e sea rch  has been confined t o  Sec t ion  A of t h e  progzam. 
Sec t ion  A d e a l s  w i th  the  observat ion of  bubble growth parameters  i n  
f l u i d s  having phys ica l  p r o p e r t i e s  d i f f e r e n t  than  water .  

A .  Experimental  

The exper imenta l  po r t ion  of Sec t ion  A has e s s e n t i a l l y  been completed; 
I t h i s  i s ,  s u f f i c i e n t  photographic da t a  appear t o  have been obtained t o  

r e a l i z e  t h e  d e s i r e d  obdect ives .  

The h e a t e r  appara tus  used i n  a previous r e sea rch  program c a r r i e d  out  
under NASA Grant NsG-143-61, Supplement No. 1, w a s  used t o  ob ta in  photo- 
graphic  data a t  7500 t o  8000 p i c t u r e s  p e r  second. 
no t  been used f o r  some months, and it w a s  f e l t  t h a t  t h e  condi t ion  of the  
h e a t e r  su r f ace  might have changed during t h i s  t ime,  a series of twelve 
data runs  using d i s t i l l e d  and degassed water  a t  a hea t  flux of 50,000 
Btu /h r / f t2  was made as a basis for comparison w i t h  t h e  runs made w i t h  
o t h e r  f l u i d s .  Se lec ted  bubbles f r o m  t h e s e  water runs were analyzed and 
compared w i t h  bubbles obtained p rev ious ly .  The comparisons were satis- 
f a c t o r y .  

The f i r s t  se t  of  non-water runs were w i t h  aqueous s o l u t i o n s  of sucrose .  
The concent ra t ion  was nominally 60 weight pe rcen t  sucrose  i n  water. 
The a c t u a l  s o l u t i o n s  va r i ed  from 60.7 t o  62.5 weight percent  sucrose  i n  
d i s t i l l e d  water. Cmcent ra t ior l s  were determined by r e f r a c t i v e  index 
methods. Four runs a t  a hea t  f l u x  of 50,000 Btu /h r / f t2 ,  one each, a t  a 
subcool ing of 1 . 5 ,  11.7, 21.4, and 31.4 Fu were obtained from which a t  
l e a s t  two bubbles  f o r  each run were su i zab le  f o r  growth a n a l y s i s .  Four 
runs a t  e s s e n t i a l l y  a 100,000 Btu/nr/ft '  h e a t  f lux were 1:iade a t  s b i l a r  
subcool ings,  aga in  wi th  many s u i t a b l e  bubbies  beiiig obtairied. 

Since t h e  h e a t e r  had 

The use of t h e  sucrose  s o l u t i o n  permit ted t h e  s tudy  of t h e  inf luence  of 
v i s c o s i t y  on b o i l i n g .  A t  b o i l i n g  temperatures ,  t h e  sucrose s o l u t i o n  
had a v i s c o s i t y  of 4 .4  c e n t i p o i s e ,  some 1 4  t imes t h a t  of water .  The 
d e n s i t y  and su r face  t e m i o n  of t h e  sucrose  were only s l i g h t l y  d i f f e r e n t  
t han  those  f o r  w a t e r .  

The second non-water f l u i d  used was a s o l u t i o n  of one weight pe rcen t  

low va lue  of  su r face  t ens ion ,  being approximately 20 dynes/cm a t  t h e  
b o i l i n g  p o i n t  whereas pure  water  has a value some t h r e e  t imes g r e a t e r .  
The v i s c o s i t y  and d e n s i t y  were assumed t o  be t h e  same as f o r  pure  water .  

Four runs a t  a hea t  f l u x  of 50,000 Btu /hr / f t2  and f o u r  runs a t  100,000 
2 B tu /h r / f t  

and 30 F'. Bubbles s u i t a b l e  for a n a l y s i s  were obtained from a l l  runs. 

The runs w i t h  t h e s e  two fluids should adequate ly  determine the in f luence  
of surface t ens ion  and v i s c o s i t y  v a r i a t i o n s  on bubble growth. 

u n-propanol i n  water .  The p a r t i c u l a r  p rope r ty  of t h i s  s o l u t i o n  i s  i t s  
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were obtained a t  subcoolings of t h e  o rde r  o f  zero ,  10, 20, 

'. % 
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B . Data Analysis  

The frame-by-frame a n a l y s i s  of t h e  bubbles obtained i s  beiiig dorie i n  a 
more p r e c i s e  manner than t h a t  used i n  previous work, c a r r i e d  ou t  i n . t h i s  
l a b o r a t o r y .  Bubble photographs a r e  inspec ted  a t  some 50X nlagnif icat ion;  
s e l e c t e d  bubbles  a r e  then t r aced  as t o  t h e i r  o u t l i n e s  on m i l l i m e t e r  grad- 
uated graph paper .  The bubble volume i s  then  determined by summing up 
t h e  volume of a number of c i r c u l a r  d i s c s .  The a c t u a l  a r i t h m e t i c  s t e p s  
a r e  c a r r i e d  out  on a Burroughs B-5500 d i g i t a l  computer. The computer 
program a l s o  determines t h e  va lue  of t h e  c e n t e r  of mass of t h e  bubble.  
The c e n t e r  of mass p o s i t i o n ,  h ,  i s  then  f i t t e d  t o  a curve s o  t h a t  h 
can be  expressed. as a func t ion  of bubble l i f e  t ime,  0 .  I n  t h e  f irst  
r ap id  growth pe r iod ,  coniprisirig some 10 t o  15 percentr 'of t h e  bubble 
l i f e  t i m e  between i r i i t i a t i o r i  and sepa ra t ion ,  t h e  curve has an equat ion 
of  t h e  form: 

b h = aQ 

where a and b a r e  coxs t an t s  evaluated for each bubble.  F J r  t h e  remain- 
der of t h e  bubble l i f e  t ime,  t h e  curve has t h e  form oi': 

h = C + D(O) - E ( Q ) 2  

i . e . ,  t h a t  of a three- te rm polynomial. The use of equat ions of t h i s  
type  w i l l  permit  much e a s i e r  determinat ion uf bubble v e l o c i t y  and ac- 
c e l e r a t i o n ,  bo th  of which a r e  needed i r :  t h e  eva lua t ion  of t l ie bubble 
f o r c e s .  I n  a d d i t i o n ,  t he  coristarlts i n  t hese  equat ions  can be used t o  
c o r r e l a t e  t h e  bubbles as t o  t h e  i i if luence o f  l i q u i d  and h e a t e r  condi- 
t i o n s  on t h e  bubble behavior .  
analyzed i n  t h i s  way. 

t 
Sc-me 40 bubbles are c u r r e n t l y  being 
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111. PROPOSED PROGRESS 

With regard t o  Sec t ion  A of t h e  research  program, t h e  bubbles. w i l l  be  
analyzed as mentioned previous ly  and t h e i r  €orccs  determined. Addi- 
t i o n a l  experimental  d a t a  niay be obtained i f  needed, using an agueous 
s o l u t i o n  of  a polysaccharide which produces a f l u i d  having a v i s c o s i t y  
some 500 t o  1000 t imes t h a t  of water .  

The g r e a t e r  propor t ion  o f  t h e  remainiiig g r a n t  t ime w i l l  be sperit on the  
b u i l d i n g  of' a b o i l e r ,  ga ther ing  of '  experimental  appara tus ,  and ob ta in ing  
of photographic  d a t a  of t h e  i n i t i a l  bubble growth per iod .  A t  p r e s e n t ,  
i t  i s  thought a phys ica l  shock technique w i l l  be appropr i a t e  t o  i n i t i a t e  
bubble growth a t  a k:iowii time i n  order  t h a t  photos a t  some one m i l l i o n  
frames p e r  second can be obtained s a t i s f a c t o r i l y .  
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